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oifr^ 1 (Dmitm^mi^m<o^^tiim&micwms 

n/cm-^^Btrierngtc h > 4^ 3 -tf-s. c i K J: 0 Miam 
s© 3 > ^^ 5' h ffiK*ffiT s s c i i -r 

wriBH 1 ©^^t^**(*®©±K:a:w ms&m i © 
B?fia»2 ©Mt«j^|i«»®©Ji/i». H?tB» 1 (omim 

frail 1 <o^itm^mi^m<D±<icwiii ^n. fran i © 

I?g2^2 ©S<ki^3l»B©±{Ci9:W e>nA: V-XSS 

Btriail2©^{b!ej^««^)l©±«:a:i:f e>n/03 h=^= 

lav -y^^ffiROf F U >^© n > F ffiei©(ST 

«ria^i©s^b!^sw*B©±{caiRW(ci9:t:r6n. ifr 

^c/N->F=*fi' >^?:WU. J.o*S^iBJU-C(,>«:(,>SI2 
©S{t!a^®tt)l<!:. 

i!nBmi©^^b!^«{^jS©±(ca!;;^(cisc:re>n. fr 
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fan 1 (omim^i^mJ: O K'^^i' J' 

-s^ 3 ©M^ bigj^^ft® <b . 

S5iB» 2 k^¥3><*e©±«:gS:t:f 64i/c v - J^lSg 
SC?Fl"^>SSi. 

B!rfBm3©SlbiB»*3»ft:H©±«:SW6<a/c;/3 i» F + 
-y-FSSi. 

^»m<o-^7- DUiBiafgtcss 3 n A:«^©BiriBy - 

10 FU-f >«e'^.©F>^JU«SS)SR»«:J:.5B? 

IBV-xmSSiyf FU-<>«ffi©3>4?i' FfifA©(ST 

s. 

5 ] 2 ©^{b^^^^S©S^». 6 n 

mOT-C* -5 C i -Tiif^ 1 ~4©«,»-m*» 

1 oieis©^NW^{s. 

SB 1 <Dmmmmi^m<DmMit. miSTcigffir* -5 c 
<t4i^<t-rsiii*]S 1 ~5©i>-rti*> 1 otciBSs©* 

20 2»f4:Sgg. 

[1*^7 ] |9iB^ 1 ©^<b!gj^^f^ii». G&Nif^P, 

msLm2 (Dmimmmwmit, a 1 g a n*>6«csc t 
^mmtri>n^ 1 ~6©i>rti*' 1 otciBjs©^!^ 

[fi£*©ail5] ^^bi^**»-C*SGaN«^J^ili*i 
J2:<. A 1 GaNi©-^f l3S?^*fl5RR-r«C:t#l^^ 

S F E T <l*tal-Seniioonductor Field Effect Transis 
tor) -P HEMT (Hich Electron Mobility Transisto 
r) abSOttMODFET (Modulation-Doped FET) tj: 
40 i*©«f?319*F5>i?X4J«, 5B«lI-r©«lf^*SpJfig 

HEMT«®©«^. GaAsSHEMTtCtb'^-C 

J: D isefiLES©2;^:jcS^*-^^ia|fB«:ssi-r?# 

N,^HEMT©sgp»fM«it*«-r^^-c*€>. -r^j: 

T-fTttSSfcttS i C«« (HrnHf-r) ©±(C. ^i' 
*;Hi<!:i5:S.i;;l,->i£§;^j»GaNJll 1 1 ^BfiSU. 
C©®1 1 1©±{C. mmommmS^tj: i> J: ^tj: 2 0 
50 nm~30nm©/|E*©A U Ga< I - , ) N (0< 



3 

x< 1) ®1 1 2«:Jg«bft:®«jg*m»?.n-5. 

r, C0A 1 , Ga , , - . , N® 1 1 2©±(C. '>3 

f h+y-h 1 20<i:y-xmei 1 8. 

1 1 9*i?^^snri,>s. 

5»i'3>^'i' hiLTtt. ^^f> (T i ) /'r^l'S^'^ 
A ( A 1 ) ©aBflf3§{C*$(,»rJt«e«J^ii:t- 5 y f 

miy (ffiJSa56\ ft^S^j*. ED99-206. 199 

©:*--5 5.d'«tt!*|^i.. iSSifi. im^-c 

m 1 <omit^m¥m.i: O <c>'n*> K 1- 

f -5*2©m!KJ^|i«»)l<»:. «?ieM2©^<b!KJ^(4: 

B©±«:t9:W6nfcM@i. H?IB^2©M{t®» 

»©ffl3a{c^ ofcis^-iii&w V . fioiMiB?^ 1 ©^^t 
!gj^j^^»®©-^7^a#Mia^«:ss3 nfc^^*ftrss 

®{C h>*;l'3#SC<!:«:J:0l(flBnfli|Sffi©3>5»i' 

•^■7^p|!tffi{cgSl§tiytm^^<&s«gK: ^>^;^^■l3■ 
^c<i:{cJ;SrJ>^r^' heiH^©fiT*^ff 
^g©S««Ftt4rsj±3i±sci*5-c^^. -:^f. 
H^©»2 ©ijoitt^att, •>;i'->S[®«ji%WLig 1 © 

W6ti. B3iB» 1 ©^^big!4^<*»<!:*S^^3ei^*Wj: 
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mwm(o±icmi<-ffbtitcnmmmt. mrtaii2 
(omit!&^mi^m<ommit, ms&m i ©a<b«j*i!ii*ii 
©'^f-a #ffia^{csas titcm^wsiz n wsffi'^© 

h > ;umSSEfiE:9>«: J: -5 ijf emS© 3 > a? h ffi!5x©<g 
tl. ^«:iia©#a!^*|6l± 3 # S C t *i-C S -5 . 

mofcw 1 ©g{b«)^ii^*jl<k. mam i ©Mb^*3» 
»ji©±«:S:t:r e.n, Itriem i ©Mbi^^<^«»@ its^ 

1«^«3DLT:i»&(,>»2©S[<b«Ii|52»«:Bi. iJie^z 

©S<b^*3lfl:B©±{c^i:t?>tv/cv-xmffiRaf K u 
i . man 2 ©^^ bia*^f*B©±«:i3:w 6 n 

«)*^(*B©Ji)i«. mriBH 1 <omtmmmwm<o^r 

20 -f>«e'^©h>4^ii'®tfiJ^(cJ:5|!^y-;^«ffiR 
CJf KU-f>mg©3>a?i' hfitrt©ffiT*^^-r5ISH<t 

J: * y - ;^ mSSO* F u >me©3 > h ffilnSi© 

i&rmw 6 n. ^f*:iig©sa!|^*i6i± s if 5 c i 
*/c. *^H^©^4©4^«^a«. ■i'^uy 
1 ©^^b!^^f^Ji<!: . mam 1 © 

W6ti. friBSf 1 ©^jbfj^«:B<!:^^S(*sS?c 
D . J: 0 :^l^&''^•> F¥f y ^^WTSU 3 (D^tm^ 

y - xm@scx F u w >mg i , Bstan 3 ©^{ b!^¥^ 

»B©±«CS:t:^ 64l/c-> a V F F . 

iWB^2©S^bi^^(*B©BS«. irfB^l©^ 

y-;^mSRiyf F u -f >^'^© F >^)i'^^^icjz 
40 sirffiy-^sescjf Fu-r>ss©3>4»i' Fffifa© 

m^icj:r>xt, '^Tu^miicmmstifcm^iwmix. 

F>*^i'$#-SC i(cj:5y-;^SgSiyf F U-f >®6b 
©n>a?i> hgSt*©(gT*s»6ti. ^^«:^S©Sa 

^4©*^*^B(c4bc>-c. irie»2©S{b!Bi*i»ftB 

©Bm*, 6nm«T-r*Sfe©i-rti«, F>*^U« 

SSEfiS^*Si«{ciiJn s 3 > 5f F ffitit *:^il«:igT 
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*j. *sawiMS(c*jii-c fmit<^^Wi tit. B 

1-.-,-, In,Al,Ga,N(xgl. 

1. z^l. x + y + zg 1) ^j:i{t^{ctei»r«fiS 

r©iH^©^(*«r#t?*>©i-r*. 3e>tc. ctiecc 

@f>£©nS*-5C»«pMK-/<>h-¥>, T'ah^. ^ 
(O) . (Fe) rj:^0>^m<OTmm^mXLfci><O 

©IIJI©Jf5,«K:-:>t»ri¥Jffl«cSiBJ-r5, m 1 
©**tti^flSB»T®«ti§*^^«iCH-C*)S. -TiJc 
t>-^. ^{^ilSS©Sfii©SIS^©»r9^]g% 

cn^©^|i»«:^{*. t^^T-zrifs i C!&:i-©s« 

±CCJi5RSLfc*>©^*-Dr4>J:<. C©J:^JtcSS^&W 
l,at>€>©r*orfc<i:i». -ei/T. *:^WK:j:ti«. 3o 
ctihoymmii^ s ©mffi©j^fiKSlJ(c*$i,i-c. m 1 © 

a<b«i*««jg 1 1 i , 02 ©M<t!gj^{^«ta 1 2 <fc . 
sfiiisi. 3!>»c©iR{csjisnfc«ji*wf 4. « 
T. cn6©«fiS^^{cot>-ci$i/<^ig-r.s. 3;-r. 
lli©^{fci^«ftjli i«. 

o^f)^ aiR«(c*5C:t^,*3K©ts-?-^^;fe^© 

wm 1 1 (omi^mt Lr». witt*. g a n%ws c 4o 
Gajem©iii»OT«*5?^an3ti/c«>©-c*><fci>, s/t 

thiC. C ©» 1 ©S{t«J^«:|g©±a 1 1 u ». 

(000 1) ii-c4>or, in^TasffiifeoTti^c 

•&{C». -eoiMl 1 U«. (0 0 0 1 ) ^^/y-^A (G 

1 2 «, 1 ©g{b!gj*i»i*» 1 1 t^^%m^m 

Urc^ftl*. -3*9. SI2©S<k«»^««:Jll 2«, ^ 50 
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c© rM*j *4t;$if5SHtL-c«. AS!S<)(c«. 
II 1 ©a^tia*^ai©«^si»©jsi»4W'5c i 

«^^Sg»*JS<tS01©Mt«»*3i 

1 1 ©±k:II2 ©S{k«5i|i^(*® 1 2 *s®-r s c 
icc J: *j . 5 hM**02©S{b!a¥a>«:» 1 
2(caiA-r-5Ci*l-C*4. 02©m«5*i»»Jll 2 
©fl:«:t^<!: L/r«. mjf. A 1 Ga N>&*;lf 5 C i*i 
-C*S. OSJO. GaN&i**»6%.5lll©m«J*» 
ftS 1 1 ©±{C. ^^life^O Kc*2-i. r^*S;*:#(,>A 1 

GaN*stg^fai/fc»aB'r8J»snri,>s. */ts6 

fC. 02©g{t^WJll 2». ^E-©/f **J^SeH<fc •? 

i?ew{c»6ti*gii©iEH4wr-5. ^©Ji;¥». w 

i&02©^^l:!gJ^^Sl 2©±(C». mmi8ifiwt» 
en-rt^-s. ^ei Bibrj*. nS!©^{hfj^f^^^© 

:t-5 i'tWBtm<fcUr4i»I©fc©*3ga«C>5C<!: 
*i-C*5. ^a»> (T i ) ir^l'S^'i'A (A 

1) <b«rC©Jli«cm®S-&fc«jS;&fflC^SC<k*i-C^ 
JW±|ji?gb)t^3»(CJ:titf. ^f^^^$^as©nfflij© 

Ga N©±CCA 1 . Ga ( , - . , Nm^^SLfH 
«ig«:tet»r. A U Ga , , _ , , Nmifii&^maL 

*J|%^-r^ C<b*lJaie>nrt,>-S (Anbacherfa?!*!. J. App 
1. PhVS.,85.no.6, p. 3222, 1999) . "J* Jl/':'SJM^ji© 

a*«»«:*jlt S**©»^5S®!%^&©* J: 5 

«tt^)|g©lll ©m!^^«^Jl 1 1 GaN) 
©G a ffitc. «^^«Il/i&C>|| 2 ©SfbiBJ^fta 1 2 
A 1 X Ga , , - . , N) ^ 

Pi^{cc©m<t(ca^-5/cm^-E*i'\f-p 
*i6W©«ijg-cw. 0i©sfb«i^N«*»i 1 (m 

. GaN) ©±{ca®-r S02 ©S{b«J¥ii(*Jl 1 2 
(mti. A U Ga , , - . , N) ©;?**»< 
C -^f-OlflBHiSffil 8<b©ffi«l#tJS<^j: 

«:|6^-r4i^xy:»Sia^e{cj:SiE©mi5K:«K?? 

02©^jb!8j*«f*®l 2<tOrA 1 GaN«-ffl(,» 
/cli^K«. TJU5-'t»A (A 1 ) <D^)VtbiC^<^^ 

^«c«m6ti-r. sfb«j*aM*^©-xf^n«^{c!|fw© 

^r*S, 02«. GaN±{CA 1 0 . J Gao . 7 
N4?^^L/. SeccA lo . 3 Gao . i N±{C5^^> 
(T i ) %a!®l/)t«Bi«:*jW5. e^TS|J©JJ<^> 
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tfc. CC-C«. A lo . s Gao . 7 N«K:^ 
igS*Jl X 1 0' • cm- ' <Dn air* Si Lite. * 
fc. Alo.jGao.TNiGaN i©l?ffi{C«, d 

Sil//t. */c3 6{C. C©ft»-Ctt. Alo . » Ga 

0. 7 NCD;iii!>d5:2 nm. 1 0 n mSiyf2 0 n mi^ 

ia2{c^L/fcJ:!>{c. i>-rti<D«jt«:fct»T:«>. 'v^^-a 

A 1 0 . a Ga« . 7 N4fi< LrC^t. Jl***5 

gp^^tcSaL//cm^=•*^4y»^*«®©^@imffi 1 8 tc h > 
*;u3Sm-cSEns?tJ&ec». Alo. 3 Gao . 7 Nj&J 

CCD J: ^ {C^S C i r«SS£*iit*n-r S C i i)ifm-C^ 
H2K:t«^0/c5i<^>«^i'->l/^*>e. HlCDfltJg 

ticM-r^ti-^^mti^^y^-ci)^. ■rrj:t>is. mm<D 
mmtA 1 0 . » Gao . 7 N (m2<Dm^bm^mi^m 
1 2) (DMif^^mL, wmi3ic<Dmmi^m'S:m^xm,ti 

*ytCC-C»> Alo . 3 Gao . 7 NW+f'JTj/gS 
41X10'' cm"'. lxl0'*'cm-*.5x 

10' • cm- * iDsu^jitoit. H3*>e.. (.>-rn 
©++ uriiSatcfciirt^ a i « . s Gao . 7 N® 

©/!*«< AjS <!: h >*Jl'«Sj©S!l^*lJi:*:-rS«|Sj*J 
Alo . 8 Gao . 7 N©+-n;TigS**l 
X 1 0' ' cm- ' ©1S^> )gJl*JiR»2 0nmj;»)fe» 

0nmJ:0fc»<?c-5 iH^tctfttJ-r -5 C <»: di^A^S , 
Sfc. +1- yrigSds 1X10' " cm-* ©«^. K 
mifim 1 5 n mJ: 0 iJcS i h >*;Ufi«£^^«*t 
ftJtJ&Jt). liJ¥*Mi^8nm«fc0 4>«<%S<h^CCti«n 
■rS. — ^i-yTiSSASSx 1 0' • cm- » ©» 

WitftnL/»D«i). l^!&i*5j6nmJ:"!)fejS<!&:-5<!;^Sl 

«i5£if»S-?^ftHiaS£©7'-f m@l 8©ri>^f 

0*>6. m«K:^iga*si X 1 0' • cm- * ©Ig 
A 1 0 . s Gao . 7 N(Om^ifi I 0 nmJWTCC^C 
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^. i 3 > $ i7 h SJn^»Sai[CC®T-r * C i imifii>. 
ttc. ^©f6©?aaU'^;P©7'-!Sr«rmrfc. Al 

0 . 3 Gao . 7 N©/|[**si 0 nmWT{C^c4<!:3> 
fi' h«tn^«IIIR«:«Tl/. 6 nmWTtftSiSWS 
(CfiTTSCiAi^Ai-S. CCT. 04K». 3 U-^;l/ 
©K:^igStc-Di,»-r-€-ti-e*aJStt©^{b*^bfc*i, M 
3'&2nm«T?»<r«<i:. «ea^» ^■:^iSSK:«^:^ 

*<*©W59jHSia<K*fflt,»/c«>©-c*f). m2<omtm 

10 <mtf. A 1 GaN) *iWC>«i-Sta**fi 

*{*a («^^«. Alo. 3 Gao . 7 N) <Dm-Mt6> 

*^{*ctt©tfr7-^©2^glJi±-C*SC<!;*ti£^r. A 
IxGa (1-x) N«rfflC»fc^^. *©/13«*S^=-5e 
*6:0. 6nm©2fiS«:*fc«l. 2nm«Jit?*SCt 
ifi'imriiy^. ic6-C, 04K:*L/cMl|{cJ:ti«. 
Se3t£©h7>5^;<*«jg©J:'5«CA 1 0 . 3 Gao . ■, 
20 N©J?***2 0nm'-3 0nm-C. K:^i8S*^10'• 
cm- ' ©*-^-C*-5<!:. =i>a'^ hiSta*»0. 1 

^*©:/P-b;^-C«. 5'i'mffi©^«a5(CR 

1 E (Reactive Ion Etching) ^34tfo;'hO. 

mmmz e o o -c- 9 o o •c-c©i^iiT^ - ;i'*tf o r 
■rt>4i*6ti4. Schloss6{CJ:n«GaN*8 5 0 

•c-cT- - ^b-r * i 4= 1- T?flK*! 1 ffi±^-r .5 c i as 

$fiS3tirCi5 (Appl. Phya.Lett.>e8, No. 19, p.270 
30 2. 1996) , — a^©GaN«HEMT©iS^. 

a f h+!^tt3W^^t-ifr. L/*>^>2^J?7cm^^*swsffi^c 

S«-r4±^{C, A U Ga ( , - , , N©K:^igS* 
(1-5) X 1 0' • cm- * i-r.5»^*i^H,». So 
hloss6©$fl^{C«t5<!:, :t-5 f i/S®f^^B#©TZl 

->iKcj:0. SlJatfifJJ&r+i' UTigS« (1-5) x i o 
' • cm- » <!:!S5t#^6n-S. fie^r. <L<r>i.^tL 

J:0. yTrgS*J5 X 1 0 ' • cm- » Tfe. A 1 
. Gat I - . , N©lE@^b(CJ:Se!a^{&ili©^ll4 
40 ©4{C«. A U Ga ( , - , , N©/?*&'»6nmWT 

(0 1 <D%uw) 0 5 tt. %m^<m 1 ©jiiswi or 

©'ST^nS^mPJSi^ h 7 ^^©SgPBfM^i^*^ 
■ra^-c*So t-Ji*?-^. cohv^e^'jj^^tt. Ga 

N^+^^uei 1©±{C. /*»*ilnmJ!y±6nm«T 
©A 1 xGa ( 1— x) N)ll 2AifflM$n. C©± 

50 2o*s-eti^n»figsnfcflfii*w^4. c©si?jai» 
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Mt^ooijiHj-r^,. tr, m^Lfit.^ (o o o i ) 

r-frSfiSfclJS i C««©±CCA 1 N*ie>^S:-&^^ 

T> K-7'CDGaN® 1 l*MOCVD (Metal-Orcjanl 
c Chairical Vapor Oeposition : WtS^Ufb^^tB^ 

-XiC. Al, Ga< , - .) N (0<x< 
l))112iLr. fci;itfA 1 ©•tJl'ibxJiiO. Si 
fa A lo . a Gao . 7 NH*. 1 nm~6 nin<Dffi 10 
HCDiI$. fcix.«2 nm©Jl$-C> raC<MOCVD 
ft«cJ:0ff5sErs. cti6©MOGVD{cJ:SJgSfiKS 
CC«. Ga?:$tfW«^{fc^ hV^^Jl 
if<)0^) ©lllM|sf:«/:^i. A l*^t?W«^{b^ 

fl9C>SCi*it?#-5. A 1 0 . a Ga, . t NJg 1 2» 
:^jSa*i5xio' • cm" ' ©nMi*-5J:^J^y3 

>(s i ) ^yF-mitirX-^ismtL.ic. 20 

Ar'5it*©MJ^:</;^iL/r(*. i^7>*/c«7^h-7X 

©Jc^^cISSbRS©^. a 1 0 Gao . 7 N)ll 2 
©±K::t-5 -7 i'mffii-r-S^^. ifc<t^«Ti (T) 
/A 1/N i/Au (±) *-e4Ten2 5 nm. 250 
nm. 4 0 nm. 4 5 nm©ll3 t U-C^B-rSJ:^^. 

$6«Ccn6©ra{C. (Ti) JzOfettW 

!S!*5:^*<. A lo . 3 Ga. . 7 Ni->a h=*^«^ 
■r4^©»^to1*, fctfLUUi <T®)/Au (± 30 
Jl) *-€-n^*a5 0nm. 2 5 0 nm©/S$ i L/tSB 
■rSJ:^. A 1 0 . 3 Gao . 7 N® 1 2©±K:^J^ 

^ory- hsffi2 0 4-r5. 2t:SQ6CT{cin«. v- 

• KU-^>mffil 8. 1 9iGaN® 1 1 <i:©ratc?t 
(,»A 1 xGa ( 1— x) NBl 2 ^SWS C ifCj: 0 . 
:i— 5 f i'S@©St5^*<giS-rSC * 
fc. 4i«i6«S|©1«jg(c*il,>-C». A 1 . Ga t . - . > 

NB 1 2<Dmiim\.mmicmMtini>fcify. a i ©« 

■3. A l©ifi^ti:«r^{b$ii.&C(b-C, 9riScrWffi«jE 40 

(ll2©IIJtl«) 06». *:^ig©m2©IIM0<<!:L-C 
©'vf^aS^SW^* h -7 ^s^x f ©sa5»filr«ii*« 
•r^sisr*^. Kia{cot>r«. hibshsccwl 
r MiS 0 /c fe© i iHl^©^a«: ©t?-^^{=t L, r » 

«. A 1 . Ga < , - , , Na 1 2 A{*Se*© h -^^S^ 

§fa©sfiimiBEt«csj:^{cjp<j^RRL 
■r*i<, -ebr. ^-i'^ffii 8. 19©TSP12 

B*lnm~8nm©«5li*-CSWg<b-rS«®i-rS. 50 
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C©«jiK:*j(,>-cfc. miieS6^tl5l»©J8!iS*JffP,n 
•S, *3?SS0«©«i»*f'^«t-r*«:ti. m 1 lliS0il©{^fiSc 
:^riS«:^L.-c. A u Ga ( , - . , Nil 1 2\twm 

8. \2^mmthm^. ctiht-^-yi^mM^^fSi. 

-fiA U Ga < , - . ) NB©— SP%i5»9^>4'-r'5 

■5. C©«ji«»mifit««Clt-tt:. 0fM©l9ffimBE€r 

•>5^>i'©Xfi?:ffttir^.'ii'S*i***-C. f'p^©^ra 

{cot^r. V— ;^msi8. K u-<>fi® 1 9©3>^ 
9VWSi^mS.l>1ct^h. J£*«|ji©l/1 0{C(g« 
r^/c. ^e©*S*. KU'f>Mfife!^©--mBE«l 0 
%15T. h^>;^3>yd'3'>;^»2 0%l6l±L/c. C 
tlCCj:0. S»lia2 0GHz. A BIR«Mfc®«:^f!H)n 
m^<DWcKmi3.. fi£*«|jg«:H:'<r 1 0%:^#<T4C 

<^3©l«6fi«l) H7». *ISI«©ll3©Sg«60!l<bL/r 

(O'-^fnm^nmms^ v 7 >s^x * ©^gp»f®«jS«r« 
^SSiElT*^. l^0(coc»rfc. laiT^M^eccMu 
r B?j$ L fc© bnm<ommic ©t^^^f^ ur » 

B. ll2SIJS«^©«^(C*5t,>-C. x-y?^>i/StifcA 1 
. Ga < , - , , NB 1 2B©MJ^?Sr, ^i"- 5 r^mffi 
ii^drSV-;^ • KU-f 8. 1 9 J: 0sSE 

L/-Ct,>5. 31tf©:>'o-fe;:^K:*5t,»r». AK Ga 

( 1 - , ) NB©X5;9^>i'{CfflC>S-7;^i'<!;:t-5 5» 

i'®8i©/>'*-->i/K:m>*v;:^4^i{c. r^fclS-T 

ia6«:^i^/c^jg*iEHIK:fTF^5ci»»i/<. 
2|s^W© J: ^ {cv- s;'>*swfc«JS©{X ^ *iSBS** 

y-X • KU-f>Sei 8. IQ^GaNBlli 
©Pa«:SC»A 1 xGa (1— x) NBl 2B*ta:l:fSC: 
iCCiO. :*--5^i7ag©ffil/i^^iS«^4ci*ir 

(m4©3liS«?a) H8tt. *^?«©ll4©SIJSP!l<!:0r 
©■^f^D«^lf«!l* h ^ >5^:^ f ©sa5»r®«jS*« 
T«iCiaf*.5. I^0fcot,^-Cfc. S17!iM07{cSIU 

». ll2||Jit?II©1Sjt{CfcC^-C. X-:.^>i/Sn/cA 1 
. Ga< , - . , NBl 2B©^1S*. :t-5-^i'mS 
iAjr^y-;^ . KU-f >mSl 8. 1 9 J: 0 ^>iBI|< 0^ 

^Lfc^^ iC. A 1 . Ga ( , - . , N)l©x-^5^>i/ 
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<»:GaNJil 1 icDHCdgl^A 1 xGa ( 1— x) 

l2B*l9:W'5»ct{cj:i3. :t-^v^mm(omnm^ 

M0CVDffi>i^<D:&ffi(Cj:«3. 1^:7 r -<r»«JifeL 10 
<»S i CS«±(CA 1 NC>^^^^^< . /ci^« 
Anmmi^L. CO±CC^ i';^;^<^: ^cC^G a N/l 1 1 * 
+^3^tC/l<. /cixtfZ/imfiSgSif. Al. Ga 
( 1 - . , Nig. Tct^kiAlc . 3 Gao . 7 NH 1 
3^litC2 Onm^S^-tf^o cn^cDMOC V DCC J: 

»<D//>^*fflC*-5C:<b3&«rt'5. Alo . 5 Ga 

0 . 7 1 h'tmm.i^5 X 1 0' » cm- » CO 

s i *»A-r^fcd?>©S3H:tfxfcii 1 mmmtmrnt-r 20 

c\ m^^xy^ h\yi^::^h^m^'r^ct(,c^K>. Si 

:=Pffitt:^X«rffl(,i/c. m«ECR-RIBE (Electr 
on Cyclotron Resonance-Reactive Ion BeamEtchinq) 
(Cj:OnMA 1 o . 3 Gao . 7 NB 1 3(DXy^>df 
^n'yo S i02 ^:^^imtT>^:^'yM.mX 30 

MBE (^-^«|xt:-^=^>'i';l/) «glf^fc^ 
l»r. lnm^6nm (DWaW<Dm^X. tct^litA I 
(D^MtticffiO . StUiAlo . 3 Gao . 7 NB 1 

S i O2 y v^'yy A -Xg^cr 

^tfl\ 5fecDx-^5=->^tCj:0 nMA 1 0 . 3 Ga 
0 , 7 NBl 3;^r5K^*2nA:«^<DGaNJgl 1 ±tCS 
fiJSb/cAlo . 3 Gao . 7 N®12±CC. ^S^g 40 
^rmtfTi (TB)/A1 (±Jl)^n^n2 5n 
m. 25 0nm^^6^cSaB^Sl8*^«L/. V^'h:** 

:7Xgaccmti^*#ffl«*cct:9 0 0-C3 o^ra© 

i^C^rnSAlo. 3 Gao . 7 N® 1 3 ±{CW^S b 

/cA lo . 3 Gao . 7 NBi 2±cc. mm^Kxm 

Ni (TB) /Au (±a) *ti^ti5 0nm. 50 
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2 5 0nm3{p6:^j:^a/i^lSli^^«L. ';:7h:t:7X 
Sf^tc«?d^«^^Hfl43(C-C 3 0 0 -C 1 0 ^^(omk 

IIJfi0!ltC<tn«. hgP^»/?C> A 1 G a N» 1 3 4 

X- FU'^>Sffi©:3>^^ hgp^c«. ISl^AlGaN 
HI 24i9:C:fSC<!:CC<fc0*f6?8(D3>^^ hfitSfia 

(»6<Dj|j56WI) HI 0«. *^1«©||6<D^WI<!:L 

-r. MOCVDffi3&:<i:(D:&&(Cj:«5. t^7T>^T»fei: 
«>L<«S iCS«±(CAlN<3[)^^fiBa*W<. fct 

GaNgl 1«:+:»CC/1<, fc<bx.«2 um^gSif. 
C<D±CCX^-1f/i<!:3&-5T>F-:7^Alo . 3 Ga 
o. 7 N® 1 2* 1 nm~6nmCDffiH<D/¥^T^S 
C<?>±tcS^if&®<b^cSnMA lo . 3 Ga 

0 . 7 NBI e^r^BCC 1 0 nm^SS-a-'So C<D±tct/ 
32; F4^-rJ>^^57 FBi^c-ST^F-^^'A lo . 3 G 
ao . 7 NBI 7*5nmCDm$CC^$^^o cn6<Z) 

J&Br^^Alo. a Gao . 7 NBI 6{3:F:^^5S3&^ 
5x 1 0 » « cm- ^ <DnMii^cC-5J:^i^yn>;&:j;jK 
«jiLr$tfBi'r-&o e^y^^^aiAT-S/caiXDm 

FUi^^x F%iHJi»f ^ctrs i O2 vxi'^ff^^-r 

M^«ECR-R I BECC<fcOm^i|i&BTr*'5>nMA 

1 0 . 3 Gao . 7 NBI 6<b. V^-zily^^ 
FB'C*ST>F-:/A 1 0 . 3 Gao . 7NH17* 

x,v^z^^^i>o :^X(tc^ m^±m(tcf^cvDmxs i o 

•9-Br*ST>F-:/A 1 0 . 3 Gao . 7 NBI 2± 

mmmm^rm^^tT i (tb) /a i (±b) * 

n^n2 5nm. 2 5 0 n m:;&>6^^SB^/lM*^# 

vy htyjMm«-m^^tmm^m^^(iCXQo o 

•C3 0#racDjSA!!ffl%m^ V-J^«ffil BSCJ^FU^ 

>mffi 1 9 ^mjSrr^o m^x. y v^^y ^ -xiscc 
F ui^;^ F<D^^•^-^>y^:^Tl^ :7:fFUi>:^ 
F 4-7;^ i 0 r^fbT * F x ^ 
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Au (±a) -en-ens 0 nm> 2 5 0nm*>6'&4a 

A 1 0 . 3 Gao . 7 NUl Ti'^y- hm®2 0*J^ 

8. 1 gtGaNJSl 1 iCDrffl{ct8(,»A 1 xGa ( 1 — 

x) N® 1 2*iS:W^C<!:{Cj:«P. :t-5 i'mffiCDffi 

±j^ufc«:B^»^^K:l!B5E3n*^>©•c»^c^,>. 

scij&i-r^, cn?.*>*^i3(Dffiffl{c^#3n-5. * 

;tefe©«:i3:i®£3n-r. -ecoffi, ^mm^^^^mm 

^(Digia(c^$$na. ^ims<o^siii:m 
m-?>mn. W'm^mm. mm. jm. mmm. 20 

©Kfflcc-a^sns, 

3!>s. A 1 . Ga < , - . , N®*aE<-r-5C<h(cj:-:> 

<^g©!t$tt*3Jc«t?#*,i^.-ciS*-h©^ i-it^iz 
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